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¾À¿Á¾À¿�� ÃÅÄÇÆÉÈª¿��/Ö������5Ï%d�e3Ï	��

J����Qâ M âONBâ�©X@�J�W�A�B/û6ü�ý3þ3â ¼XU=���a b Û&
<å5��8�M/E�F�©���� #/�5¤#Å@�5Ûè�©�8

M�Ú^@�	à?¼=Â5B	�+JG÷��	Ú J����Qâ M âONBâ�©X@�Ú	å5��8�M/¼�[ $�B	�+JG÷��G7��^P5¤�Å

5 inch. PMT

NE213

Calorimeter

Neutrons

20 cm

33 cm
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P J>Q�RTSVUXWYU[Z\U�*�]_^6` J\a���b�cdQ>ReS)UXWYU[Z�U�*�K�G�f[�Tgh*�E�F1ij;lk)monpA�B�C\c
K��@�DXqE�i[K��@1*�r��OJ�s!=�@Tt)DXq	I1C�J[u)v>Axw�C�c�K��@yuz=�@d*�{�|[}	~d��'��	�>i

��� � A��1��I1C�c

����� �p�y���j���p�6�����$�x���e�
=��������d�	C_ �¡�¢.Gh£�¤�I1Ch¥�¦yu�§��>s©¨�ª>A�«O¬�1*>Q>ReS)UdWYU[Z\U�G�®�¯.§�b�c�°�± P
²X³ ¬�1i�´MuzµX¶\·�¸�¹�º	2�»�¼�½�¾�U[Z�U�±\¿d¼�µÀSz¼\Á[Q>ReS)UXWYU[Z\U�A�B�C�c>Â6`Ã±�Ä�¬�
i�s�¿d¼�µÀSz¼\Á[Q>ReS)UXWYU[Z�U�±�»[¼�½�¾�U[Z\U�±�ª�Å>A�Æ�J�Çb\=������1±�È>É�±\Êxw�Ë\G	Ì\Í
t	C	b�H��\®�¯.§�b	µX¶\·�¸�¹�º	2�»�¼�½�¾�U[Z�U�±�Î[]x`�A�B�C\c

ÏÑÐÓÒÔÐ�Õ Ö1×�Ø�Ùz×�Ú�Û>Ü3ÙVÝXÞÝ�ß�Ý�à\á�â
ã�ä\å�æ �	®[ç�b\¿d¼�µÀSz¼\Á[Q>ReS)UXWYU[Z\U	i�?�è1»>é�êU�GYÆ�JI�b�H�±	=�@1±�?\è�ë�ì�í�î

®�±\����ï\ð�Í�v�ñ�H���Ê.wç´X±�òóuhsh?�è1»>é�êU�±�ô>õYö�÷�Uø�ùXGY£�¤�I1C\b�H�±�»�¼½�¾�U
Z\U�Gú�íd��û>ü�b�Fd��ýdÇY�>ç�C�c
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20 cm
Neutron 
    detector

Front View

Plane View

Calorimeter

Neutron
   detector
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ô�õö1÷�U£�¤X±����di��d±3� P ý3t�±�A�B�C�c��	�x§�b	=�@1id]�
�´3±[K�A>?�@�¥���xGhÆeJ�§�s
?�è1»[é�êU�GhÆeJYI	c�°�±�K����x]��eC��[?���@�v1»�¼�½�¾�U[Z�U�±�K\A��.§�b�ô>õö�÷�U�GY£�¤�I
C�c´X±�K\A�ùxÇ�b�ô>õYö�÷�U	i\£�¤�Ë��Xý�ç�v1s����	�1±>KduY»�¼½�¾�U[Z\U�±�K�A�ø�ù[I1C�ô[õYö
÷�U�±���v[Ä�¤[A�B�C�u���¤�I1C�uhs!¨�ô>õYö�÷�Uø�ùXG�»�¼½e¾�U>Z\U�K\A�ø�ù3§�b�ô>õYö�÷�U� Tg
! H1C�J[u)v>A.w�C\c
¿d¼�µ6Sz¼�Á�Q�RTSVUXWYU[Z\U�±�"$#Tu�§��[s
þ �&%(' v�´$)>µX¶	·�¸�¹�º�*\»[¼�½�¾�U[Z\U	ý+�s-,�ç�)[I/.OÊ�<d±dt±>GYîxC>J>u)v>Axw�C\s
; �&%(' v	0	1>A(2��-� `3)[I�ç�s
�&�54 �	6�v	7�ç�89dG�: P ±	A[s�;�Ëç�<=�A 4 �	63G?>	@1�� (ACB�J[u)v>Axw�C�s
u©ç P J�uOv>B�D.gE�XChc ã�ä ¿>¼!µóSÃ¼hÁ�Q�RXS�U[WzU�ZhU\G�F(G�H?IKJ_i	s7JL�Tg)±�"�#�vNM�OQPSR$TVUXW W
Y	Z Å�[(��£�¤ å�æ ��\.§��>ç�C� Tg©A�B�C

ÏÑÐÓÒÔÐ�Ï þ^]?]`_badcY8e]�]gfihkjmlVnko Û>Ü3ÙVÝXÞÝ�ß\Ý
þ^]?]p_badcz8e]�]pfihkjmlVnko Q>ReS)UXWYU[Z\U	i�<xË þ7n©n�±´X±�òóu�<�Ë�8znzn ±�»�¼½�¾�U[Z\UYò

G�ú�í1��q$r�b�s\¿d¼�µÀSz¼\Á[Q>ReS)UXWYU[Z\U�A�B�C�c.J�±�s$t � G � �V��u�I	c

5 mm scintillator sheet.1 mm lead sheet

10 cm

15 cm

15 cm

Light guide

PMT

Aluminized Mylar

+{ } * 16

� ���Xþ^]?]v_ba^c)8w]?]xfyhkjmlVnko Q�RTSVUXWYU[Z\U

´óuY»�¼½�¾�U[Z\U�±�ò�i-z({X±�6eË©vd°?�}|-� þ98 m n ±�~[}�F[A�By` s[J�� gh±�ò1±-�XGML-���(q
r[��Ä��[±�D.q�Eóu	§�b�c�<eË�i\òX�-����ý�}���� � o ��4 �$6X±-6TËzvXB�C	c�»�¼�½e¾�U�Z	U òóu)´
ò�±�����i�»>¼½x¾U	»��©¼h=�±�����¢XG��/.�I�C\b�H��-<.Ë �w� ] ±(�Yö����(�}����¶\U�G\i1Ë�G	H�c
¶	���L�����uÃ´MuY»[¼�½�¾�U[Z\U�±��óuY±��	�1i����¡ :þ£¢\G�®[ç�b�cX¶(���L������i���¤ �_m n ±
¥$¦�§}¨ ��©�*	·-ª$«X±v¬Ãþlþ��&þb�®�¯�°	±$²�³�´��$�x§�b�c�Q[RTS©U3WU�Z	U�±[K-µ(��¯(�$°d�3��Ç
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���$Ayg��Xb�»�¼½�¾�U�» �z¼�®[i�s � �Ã±��[����ç	�>ç���¶	���L����-´��x§��>s?®$¯�°(±	²�³	�Tu

 ^���c�®�±�b�H�s�Q>ReS)UXWYU>Z\UY¨	�d�$�ö �b�	�K�K��¶	U	´>]\ç�b��3uhs�<�Ë þ k � n$±����
±��	����©	öC´���ç�b�c

1mmPb/5mmScintillator sampling detector

0.5mmPb/5mm Scint. detector (1mmPb/5mmScint. detector)

Scintillator block detector (1mmPb/5mmScint. detector)

γ

γ

γ

18.4 Radiation length

6.8 Radiation length

0.94 Radiation length

18.4 Radiation length

18.4 Radiation length

� ¶ ��Q�RMS_UxW\U1Z�U>±�aów�}1c��K Mg þ^]?] _badc e]�] fihkjmlVnko s k o  w]?] _badc e]�] fihkjmlVnko�s
� k�hk]xfihkjmlVn j���� � n"!$#hQ�RTSVUXWYU[Z\U�± å�æ c

Total energy deposition
(MeV)

Energy leakage
(MeV)
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� ¢��1þ klklk&%�')( ±�®�° ´����X§	b�*�± þd]�]N_ba^cb e]�]vfihkjmlVnkoÑQ�R�SVU1WhU>Z�U�±�ô�õYö[÷[U�±Y¨��
��ô>õö�÷�U,+�-�. uhs>Q>ReS)UXWYU[Z\U� Tgh±dtb�/+10�. ± �3254�»��6�¾�U�» �!¼�±�7�81c

å�æ µ[i��(��®�°9��U�:���;�Ç�b	}}����s � N1±�<Xq=�´ � ¶ ±��d±d� P ��ýxg)ü�b�c�§�b�v�Çh�	¨
�1±-<xËi þ£¢ � �/4 �	61��ý9��c�®�°�vXQ>ReS)UdWYU[Z\U1u©��� ´YÆeJYI?>�@�A�ý?B�a�i?��C� TgEDGF&¶
4 �	6IH � m nKJ�±�B�a�ý�±�µ[s�°�JzvXK��	°�<Xq=d±�K�L1��M��[� P � ��a3§�b�c
J�±�<Xq=1±�6�Ë�µ[s(®�°�v�<Xq=ON�µQPTt©��� ´YÆ�J�Ë�
���p` �9R9��S�¢ H�_UT l h)V�WXVY!$T[Z\V�±

S�¢]J	i�s_^ �a`�þ kcbed�µ�����c`_UT l h)V�WfV[!$TYZcVg�¦�i>K��	°C´�q�Ëý�ç1J>u�´h�iO��uYs ã�ä ±� �¡
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¢d±��������dijþ k\b�� ^)þ kcb	��µ9����±�µ�sp_UT l h)V�WXVY!$TYZcV�g[¦1±�®��>�>�1�3���h �¡>¢���±�
���i�
� µ.w��\c
J�±>Q�RTSVUXWYU[Z\U � N1�\¥X§	s<Xq=ON-µ	¯�èd»>é�êYUYv�ÆeJ�Ç�bQ*>±�{ TgY±�ô>õYö�÷�U�±dt

�di�s þ k klk %�')(À±�®�°�v$�(�3§�b *�� þ k�� ���$µ�����c.J�±dtb��´ � 254_»��6�¾�U�» �!¼�µ>Ì\Í
t�Ç�b�7�8�v � ¢Lµ�����c1J�±dtb�3±���8d����ç���i�s�Q>ReS)UXWYU[Z\U�±��	~1± *����	~3§�b�c

ÏÑÐÓÒÔÐÓÒ k o  w]?] _badc? e]�]gfihkjmlVnko Û[Ü3ÙVÝXÞÝ�ß\Ý

5 mm scintillator sheet.0.5 mm lead sheet

10 cm

15 cm

15 cm

Light guide

PMT

Aluminyzed Mylar

+{ } * 17

� D �[k o  e]�]v_badc� e]�]xfihkjmlVnko Q>ReS)UXWYU>Z\U

k o  e]�] _badc� e]�] fihkjmlVnko Q�RyS!U.W�U�Z�U�i�z�{.±�6yË_v.°��K|(� þ£ �hk] ±>s�<yËjk o  w]?] ±
´�ò�u�<óË  w]?] ±[»X¼	½ó¾	UdZ�U ´	ú>í.�pL����Xýyg!ü3bxt\±(µO� � + � D . c�°[±>r$ d±����.i
þd]�] _badc  e]�] fihkjmlVnko Q�R3S�U[W©U�ZhU>u�����µ�� �hc <[q =�Ä����\bx` ±�<(=	i\s�þ^]?] _ba^c¡ w]?]�fihkjmlVnko
<Xq=1±���Å1±jþ5o ¶ 4 �	6�µ�����c �!�"�#�X±�<Xq=C´%$(�\î	�.§�b
k o  w]?] _badc� e]�] fyhkjmlVnko'&)(+*�,.-�,0/�,�µ� >¡>¢ ´�£[¤01O��*[�!2[s?®	°]�), :[±�����}����

;3Çz�3$���±54 o  e]�] _badcb e]�] fih j lVnko	&3(6*7,8-9,!/�,(´":�ç<;<=�§� 1§\s>4 o  e]�] _ba^c� e]�]Nfih j lVnko
&�(?*7,@-A,�/%,�±-<=�µ�2 ¶B������± _UT l h)VWXVY!$TYZcV�g�¦�v�Â���=[°���´AC3D�g�¦Tu\§��!E�F�19�
;#G���s[°�±�H.I\� þd]�]x_badc� w]?] fihkjmlVnkoJ&!(K*L,@-A,!/%,�´��NM�û[üO; H � ¶�P�JB=\û�üO;�B�:)2
þd]�]N_badcb e]�]NfihkjmlVnko	&3(6*7,0-",!/�,�±�*3uQ�3�[�0RÃ�54 o  e]�] _badcb e]�]NfihkjmlVnkoS&3(6*7,8-9,!/�,
±���C1±�ð� ?T DGF&¶ 4 �	6 H�¶ � ��UWV J�±�B�:�´<P��	°�<Xq=d±�P�L1��:�ç3;#=
HXI	��:�ç��>ç��$þ^]?]v_ba^c� w]?]vfihkjmlVnkoY&!(K*L,@-A,!/%,�2�¯�èd»>é�êA,$´hÆKZA1>±���[�Å1ý-<�=

´A\xÇh�>ç��	±-µ�s þ^]?] _badc� e]�]vfihkjmlVnko]&!(K*L,8-A,�/%,�±�P�µ�±�ô>õYö�÷),ø�ù ´Y£�¤�19�!Z[u
�d��ÇY�g_UT l h)VWXVY!$T[Z\V�g�¦ ´	Ì\Å0^���Z[u)v�µ.w��%=
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ÏÑÐÓÒÔÐ�� � 4?h ]`fyhkjmlVn j � ��� n"!$# Û>Ü3ÙVÝXÞÝ�ß\Ý
Z�± å�æ ± � A32´�Flµd¶�·	¸.¹ º�*�»>¼Y½x¾Q,!/�,¿1¼Yµ *)¼�Á!&�(6*�,8-",�/%,�±�®������1± �¡

¢�´���ü ��Z[u�µ�����=�§� d§	s�¿d¼�µ *z¼\Á�&!(K*L,@-A,�/�,�±�7�8 ?T����� �¡�¢C´ ! GX�@R�u 1
�[u_sz´d±3P1uh»>¼½x¾A,!/�,	±3P�µ[s�®�������v�Æ6Z�ÇA;�*�±�P �(° <dq�=�±<dqA��¢�v���ý���±-µ>s
� ÇA;�7Q8�´�� ��	�
 ��v�����=>°)Z�µ[s�»>¼Y½x¾Q,!/�, ±3P�µ�Æ Z�ÇA;-®	������±��Q81±�Ê.w�Ë�´\Ì
Íet���;#G���s�»[¼�½�¾�,�/%,gH!^� ?T_ý9��<Xq=�´YîeÇ�;#=

5 mm scintillator sheet.

10 cm

15 cm

15 cm

Light guide

PMT

Aulminyzed Mylar

* 20

� þ 4�� � 4�hk]xfihkjmlVn j���� � n"!$#"&�(?*7,@-A,�/%,

4 o  e]�] _badc� w]?] fihkjmlVnko	&3(6*7,0-",!/�,�2�sÄ	��±<dq�=����dw�z�{ þ£ �h ]$s�<xË   ]�] ±�»>¼
½x¾Q,!/�,$ò ´ ³��� q	r);1tY±�µ � ��=�´�F:»>¼Y½x¾Q,!/�, ¿1¼Yµ *©¼�Á!&�(6*�,8-",�/%,du����C´
������19��;#G���s�»[¼�½�¾�,�/%,6ò1±(���#2��ö/�b�	�K�}��¶�,$´�2dË�G$H H � þ 4eJ =#&�(?*7,@-A,
/%,�± ä�� �#2	�(� % u&�® % ´��1ç#;#=>¶	���L�����u±��	���1s�®$¯�°(±	²�³Tu�tY��s	r� �±�&!(
*L,8-A,�/%,1u��!�h¬�d±dtY±´?:>®d§�;#=

<3q�=X±-<}=!2�Ä�� ��; � 4 o � ��4 �$6�µ��9��=�:�®�1 �?*!2�®	° ��,Q:>±-�$�[}K���?;�Çh�XZ	±�<
q=�´�� M�û�üO;#=.Z�±�<�=�µ�2 � ¶ � ����±g_UTSl h VWXV[!$TYZ\Vg�¦�v�ÂeÇh� . ��=�§�;�veÇh�[s0Z�±
<Xq=�´�®[ç���*3t 4 o  e]�]v_badc� e]�]xfihkjmlVnkoÔ±Q*xuQ�!���8RV��s>Rz§3I\� þd]�]x_badc� e]�]pfihkjmlVnko]&
(?*7,@-A,�/%,	´Q:N.9Z[u�µ�s?Z�±�<Xq=�µ����3§	ý� xÇ�; _UTSl h V�WXVY!$T[Z\V�g�¦ ´�E�F319�!Z[uY�[§
;#=�H � ¶ �9J =
� 4bh ] fyhkjmlVn j � ��� n"!$# &�(6*7,0-",!/�,%2�r� [±3&�(6*�,8-",�/�,1u��xÇ_��s��LM�û�ü��3t�6xË)v 4 � D �

4 �(63§? >ý�ç�±�µ>s?�QC� 6T D F5¶ 4 �(61±B3:�´�P �(° <1q�=1±3PL���: .Yu_s0&�(6*�,8-",�/�,hv
P �(° <dq�=$ KT�2�=[q���§��.R =�°)Z�µ[s � 4�hk]xfihkjmlVn j���� �&n"!$#\upþ^]?] _badc� e]�]vfihkjmlVnko ±3P���v8P
�	°�<Xq=1±!P�L�� . �>�@RV��û>üO;#=
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ÏÑÐÓÒÔÐ�� ��������	�
��������������à����
ã�ä\å�æ µ�: RL®�°1±�ô>õö�÷),$´	s������ �7±"!�#�$ ?T ��%?� �!Z[uhý . £�¤µ.w��[�8RV��s�&
(?*7,@-A,�/%,�±-®$¯�°(±	²³1�� O^���\'&�ý)(�¯�*C´,+0G�;3=.&�(?*7,@-A,�/%,�±"-�.O2��	~02 ��� �
/ µ��1�<19�%=
å�æ µ-: R3®-°�±	ô�õ_ö>÷�,10�2�2�sMþ �436587� 6T D5¢B4936587 ��µ�µ����Q=b:�®31 �:�;�,�?2 þ �Lakj n

ý�±�µ[s þ9<=587 ±-®�°d±�ô>õö�÷),	´Y£�¤.§�;Q*������,��±!&?>�¼��;@1±�A�B�v�C � 4 4B4h��ý��[�8R
��s�®$¯�°(±	²�³�±�(¯�* ´�A�D$A ��Z[uY�[§�;#=
&�(?*7,@-A,�/%,�2ó«O¬�9���_v1s �?
 þd]�] _ba^c� w]?]xfih j lVnkoY&!(K*L,@-A,�/�,�����ç��>s-�1±"E
F µ�(¯�* ´�+OG�;#=

þ � ��
>Ä	�>±�<Xq=d��¥3§	s�G�H�I ��6<,�Jd¼	´�:eÇY�K(¯�*�´,+0G��%=
G�H�I �6<,�Jd¼	´,%�LNMOQP h i �RP,Sjþd]�]v_badc� w]?]xfyhkjmlVnkoS&!(K*L,@-A,�/%,�±�»�¼½�¾�,
/%,UT��  � þ � %�' ( ±�ô[õYö�÷),$´��)1>±�µVS[°�±�7�8C´®�ç��K(¯�*�´,A�D$AO;#=
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before changing HV for 6, 1st module

comparison E-dep in modules after changing HV for 6 with before them.
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RMS

    1001
    9483
  47.35
  22.09

after changing HV for 6, 1st module
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  22.40

before changing HV for 6, 2nd module
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   10347
  66.90
  17.18

after changing HV for 6, 2nd module
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    2002
    6443
  69.61
  18.64

before changing HV for 6, 3rd module
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  37.80
  20.64

after changing HV for 6, 3rd module
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  36.23
  19.52

before changing HV for 6, 4th module
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    1004
    8907
  14.98
  13.47

after changing HV for 6, 4th module
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    2004
    5844
  14.51
  10.40
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0.5mmPb/5mmScint. 1  (EGS)

ID
Entries
Mean
RMS

       1
   10000
  46.82
  47.57

(MeV)
0.5mmPb/5mmScint. 1  (DATA)

ID
Entries
Mean
RMS

      11
    4595
  48.41
  41.04

(MeV)

0.5mmPb/5mmScint. 2  (EGS)

ID
Entries
Mean
RMS

       2
   10000
  131.3
  74.43

(MeV)
0.5mmPb/5mmScint. 2  (DATA)

ID
Entries
Mean
RMS

      12
    4595
  137.2
  71.52

(MeV)
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Scint.block 1 (EGS)

ID
Entries
Mean
RMS

     101
   50000
  3.613
  9.026

(MeV)
Scint.block 1 (DATA)

ID
Entries
Mean
RMS

     201
    4318
  3.741
  9.023

(MeV)

Scint.block 2 (EGS)

ID
Entries
Mean
RMS

     102
   50000
  10.02
  17.77

(MeV)
Scint.block 2 (DATA)

ID
Entries
Mean
RMS

     202
    4318
  10.33
  18.03

(MeV)

Scint.block 3 (EGS)

ID
Entries
Mean
RMS

     103
   50000
  15.76
  22.48

(MeV)
Scint.block 3 (DATA)

ID
Entries
Mean
RMS

     203
    4318
  16.29
  22.33

(MeV)

Scint.block 4 (EGS)

ID
Entries
Mean
RMS

     104
   50000
  21.18
  25.79

(MeV)
Scint.block 4 (DATA)

ID
Entries
Mean
RMS

     204
    4318
  21.61
  25.99

(MeV)
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Energy distribution of E+ counter
(ADC counts)
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Threshold for E+ (ADC counts)
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TDC ditribution for Neutron detector
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Output by photons Output by neutrons
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TDC vs AUN
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16.43  e-tag  53.95
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333.23  e-tag  370.75
E-cal (MeV)

370.75  e-tag  408.27
E-cal (MeV)

408.27  e-tag  445.79
E-cal (MeV)
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595.87  e-tag  633.39
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679.73  e-tag  717.25
E-cal (MeV)

717.25  e-tag  754.77
E-cal (MeV)

754.77  e-tag  792.29
E-cal (MeV)

792.29  e-tag  829.81
E-cal (MeV)

829.81  e-tag  867.33
E-cal (MeV)

867.33  e-tag  904.85
E-cal (MeV)

904.85  e-tag  942.37
E-cal (MeV)

942.37  e-tag  979.89
E-cal (MeV)
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333.23  e-tag  370.75
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679.73  e-tag  717.25
E-cal (MeV)

717.25  e-tag  754.77
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333.23  e-tag  370.75
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53.95  e-tag  91.47

ID
Entries
Mean
RMS

    1002
     114
  2.061

 0.2401
 0.0000E+00/     0

P1   6737.   9980.
P2  0.1966  0.1549

Number of Neutrons

91.47  e-tag  128.99

ID
Entries
Mean
RMS

    1003
     134
  2.157

 0.3835
 0.9274    /     1

P1   1973.   823.4
P2  0.4220  0.9893E-01

Number of Neutrons
128.99  e-tag  166.51

ID
Entries
Mean
RMS

    1004
     122
  2.156

 0.4620
  1.246    /     2

P1   2254.   1473.
P2  0.3696  0.1347

Number of Neutrons
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     179
  2.184

 0.4156
  1.211    /     1

P1   1974.   614.2
P2  0.5000  0.8941E-01
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ID
Entries
Mean
RMS
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     257
  2.195

 0.4334
 0.6814    /     1

P1   2480.   630.7
P2  0.5433  0.8064E-01
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241.55  e-tag  279.07

ID
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    1007
     301
  2.223
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  2.289    /     2

P1   2599.   673.5
P2  0.5788  0.8880E-01

Number of Neutrons
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333.23  e-tag  370.75

ID
Entries
Mean
RMS

    1001
    3784
  2.245

 0.5125
 0.9900    /     2

P1  0.2646E+05   1476.
P2  0.6630  0.2220E-01

Number of Neutrons
370.75  e-tag  408.27

ID
Entries
Mean
RMS

    1002
    3182
  2.240

 0.5160
 0.3159    /     3

P1  0.2307E+05   1440.
P2  0.6479  0.2417E-01

Number of Neutrons

408.27  e-tag  445.79

ID
Entries
Mean
RMS

    1003
    2560
  2.270

 0.5409
  1.003    /     3

P1  0.1575E+05   964.6
P2  0.7191  0.2669E-01

Number of Neutrons
445.79  e-tag  483.31

ID
Entries
Mean
RMS

    1004
    2272
  2.280

 0.5560
 0.4038    /     3

P1  0.1326E+05   851.1
P2  0.7441  0.2917E-01

Number of Neutrons

483.31  e-tag  520.83

ID
Entries
Mean
RMS

    1005
    1888
  2.276

 0.5531
 0.6693    /     3

P1  0.1125E+05   805.8
P2  0.7343  0.3208E-01

Number of Neutrons
520.83  e-tag  558.35

ID
Entries
Mean
RMS

    1006
    1711
  2.267

 0.5280
  1.847    /     2

P1  0.1063E+05   797.0
P2  0.7145  0.3246E-01

Number of Neutrons

558.35  e-tag  595.87

ID
Entries
Mean
RMS

    1007
    1526
  2.291

 0.5706
 0.3761    /     3

P1   8462.   651.2
P2  0.7695  0.3646E-01

Number of Neutrons
595.87  e-tag  633.39

ID
Entries
Mean
RMS

    1008
    1325
  2.330

 0.5910
  2.910    /     3

P1   6289.   444.7
P2  0.8526  0.3744E-01

Number of Neutrons
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679.73  e-tag  717.25

ID
Entries
Mean
RMS

    1001
    3640
  2.359

 0.6319
  16.97    /     3

P1  0.1609E+05   647.3
P2  0.8939  0.2243E-01

Number of Neutrons
717.25  e-tag  754.77

ID
Entries
Mean
RMS

    1002
    3327
  2.366

 0.6366
  3.995    /     3

P1  0.1375E+05   582.3
P2  0.9389  0.2528E-01

Number of Neutrons

754.77  e-tag  792.29

ID
Entries
Mean
RMS

    1003
    3123
  2.355

 0.6273
  3.787    /     4

P1  0.1351E+05   599.0
P2  0.9090  0.2537E-01

Number of Neutrons
792.29  e-tag  829.81

ID
Entries
Mean
RMS

    1004
    2974
  2.386

 0.6609
  2.108    /     3

P1  0.1148E+05   500.3
P2  0.9859  0.2771E-01

Number of Neutrons

829.81  e-tag  867.33

ID
Entries
Mean
RMS

    1005
    2749
  2.395

 0.6610
  3.412    /     3

P1  0.1032E+05   451.7
P2   1.005  0.2834E-01

Number of Neutrons
867.33  e-tag  904.85

ID
Entries
Mean
RMS

    1006
    2545
  2.399

 0.6752
 0.5110    /     3

P1   9393.   434.8
P2   1.018  0.3064E-01

Number of Neutrons

904.85  e-tag  942.37

ID
Entries
Mean
RMS

    1007
    2438
  2.377

 0.6457
  9.886    /     4

P1  0.1004E+05   471.2
P2  0.9389  0.2766E-01

Number of Neutrons
942.37  e-tag  979.89

ID
Entries
Mean
RMS

    1008
    2240
  2.398

 0.6644
  3.647    /     4

P1   8382.   400.6
P2   1.007  0.3089E-01

Number of Neutrons
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53.95  e-tag  91.47

ID
Entries
Mean
RMS

    1002
      91

  2.088
 0.2832

 0.0000E+00/     0
P1   2647.   2996.
P2  0.2894  0.1799

Number of Neutrons

91.47  e-tag  128.99

ID
Entries
Mean
RMS

    1003
      81

  2.123
 0.3290

 0.0000E+00/     0
P1   1212.   909.2
P2  0.4227  0.1830

Number of Neutrons
128.99  e-tag  166.51

ID
Entries
Mean
RMS

    1004
      81

  2.086
 0.2810

 0.0000E+00/     0
P1   2438.   2990.
P2  0.2839  0.1909

Number of Neutrons

166.51  e-tag  204.03

ID
Entries
Mean
RMS

    1005
     133
  2.241

 0.4613
  2.383    /     1

P1   1012.   302.6
P2  0.6229  0.1104

Number of Neutrons
204.03  e-tag  241.55

ID
Entries
Mean
RMS

    1006
     156
  2.141

 0.3995
 0.7192    /     1

P1   2731.   1500.
P2  0.3824  0.1177

Number of Neutrons

241.55  e-tag  279.07

ID
Entries
Mean
RMS

    1007
     205
  2.171

 0.4473
  1.995    /     1

P1   2784.   1185.
P2  0.4415  0.1074

Number of Neutrons
279.07  e-tag  316.59

ID
Entries
Mean
RMS

    1008
     257
  2.214

 0.4551
 0.5678    /     1

P1   2114.   497.8
P2  0.5993  0.8376E-01

Number of Neutrons
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333.23  e-tag  370.75

ID
Entries
Mean
RMS

    1001
    2777
  2.237

 0.5044
  1.403    /     2

P1  0.2045E+05   1363.
P2  0.6415  0.2551E-01

Number of Neutrons
370.75  e-tag  408.27

ID
Entries
Mean
RMS

    1002
    2251
  2.243

 0.5094
  1.520    /     3

P1  0.1612E+05   1145.
P2  0.6528  0.2766E-01

Number of Neutrons

408.27  e-tag  445.79

ID
Entries
Mean
RMS

    1003
    1835
  2.278

 0.5418
  1.320    /     2

P1  0.1071E+05   757.0
P2  0.7442  0.3215E-01

Number of Neutrons
445.79  e-tag  483.31

ID
Entries
Mean
RMS

    1004
    1492
  2.278

 0.5353
  3.041    /     2

P1   8820.   677.3
P2  0.7375  0.3444E-01

Number of Neutrons

483.31  e-tag  520.83

ID
Entries
Mean
RMS

    1005
    1309
  2.300

 0.5711
  1.288    /     3

P1   6972.   551.0
P2  0.7899  0.3846E-01

Number of Neutrons
520.83  e-tag  558.35

ID
Entries
Mean
RMS

    1006
    1064
  2.294

 0.5526
  1.792    /     2

P1   5779.   508.7
P2  0.7798  0.4223E-01

Number of Neutrons

558.35  e-tag  595.87

ID
Entries
Mean
RMS

    1007
     960
  2.284

 0.5840
  1.901    /     3

P1   5570.   589.2
P2  0.7464  0.4871E-01

Number of Neutrons
595.87  e-tag  633.39

ID
Entries
Mean
RMS

    1008
     885
  2.293

 0.5536
 0.9859    /     2

P1   4833.   469.0
P2  0.7772  0.4642E-01

Number of Neutrons

10

10 2
10 3
10 4

0 2 4 6 8
1

10
10 2
10 3
10 4

0 2 4 6 8

10

10 2

10 3

10 4

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

1

10

10 2
10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

1

10

10 2
10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

ì Ê i j � È Ç ó�õgö � � þ é £ Ç � È � � �
	�� È ��� ���.� ����� h�� � �&� � k �a£ Ï l�m4àaá � £ �+ù ê 
 % " ÿ ÿ % þ
��� é������ � ��¡�" � ê

! ñ



679.73  e-tag  717.25

ID
Entries
Mean
RMS

    1001
     735
  2.333

 0.6031
 0.2973E-01/     2

P1   3343.   332.7
P2  0.8798  0.5555E-01

Number of Neutrons
717.25  e-tag  754.77

ID
Entries
Mean
RMS

    1002
     603
  2.320

 0.5890
 0.8232E-01/     2

P1   2899.   327.0
P2  0.8472  0.6010E-01

Number of Neutrons

754.77  e-tag  792.29

ID
Entries
Mean
RMS

    1003
     577
  2.324

 0.5864
  2.730    /     3

P1   2828.   311.9
P2  0.8330  0.5684E-01

Number of Neutrons
792.29  e-tag  829.81

ID
Entries
Mean
RMS

    1004
     522
  2.391

 0.6163
  5.615    /     2

P1   1984.   194.3
P2  0.9909  0.6198E-01

Number of Neutrons

829.81  e-tag  867.33

ID
Entries
Mean
RMS

    1005
     460
  2.389

 0.6681
 0.7766    /     2

P1   1721.   201.1
P2   1.009  0.7789E-01

Number of Neutrons
867.33  e-tag  904.85

ID
Entries
Mean
RMS

    1006
     444
  2.376

 0.6370
  1.721    /     2

P1   1770.   203.7
P2  0.9622  0.7130E-01

Number of Neutrons

904.85  e-tag  942.37

ID
Entries
Mean
RMS

    1007
     392
  2.390

 0.6610
  3.093    /     2

P1   1508.   189.8
P2  0.9841  0.8066E-01

Number of Neutrons
942.37  e-tag  979.89

ID
Entries
Mean
RMS

    1008
     346
  2.367

 0.6460
 0.2775    /     2

P1   1391.   193.9
P2  0.9583  0.8696E-01

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

1

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

10

10 2

10 3

0 2 4 6 8

ì Ê  j ñ¿ñ ÇZÇ ó�õgö ��� þ é £ Ç � È � � �
	�� È ��� ����������� h+� � �O� � k �a£ Ï lqm+àaá � £ �pù ê 
 % " ÿ ÿ % þ
��� é������ � ��¡�" � ê

! i



53.95-E_tag-316.59

ID
Entries
Mean
RMS

   10001
      93

  2.097
 0.2957

 0.0000E+00/     0
P1   2241.   2180.
P2  0.3216  0.1738

Number of Neutrons

333.23-E_tag-408.27

ID
Entries
Mean
RMS

   11001
     522
  2.052

 0.2461
  1.766    /     1

P1  0.6403E+05  0.4438E+05
P2  0.1332  0.4801E-01

Number of Neutrons
408.27-E_tag-483.31

ID
Entries
Mean
RMS

   11002
     324
  2.043

 0.2180
 0.4088    /     1

P1  0.4851E+05  0.4263E+05
P2  0.1202  0.5471E-01

Number of Neutrons

483.31-E_tag-558.35

ID
Entries
Mean
RMS

   11003
     270
  2.052

 0.2217
 0.0000E+00/     0

P1  0.2245E+05  0.2160E+05
P2  0.1639  0.8299E-01

Number of Neutrons
558.35-E_tag-633.39

ID
Entries
Mean
RMS

   11004
     207
  2.058

 0.2535
 0.3588    /     1

P1  0.1787E+05  0.1966E+05
P2  0.1604  0.9248E-01
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0.5mmPb/5mmScint.

40 cm Scint.block

or

1mmPb/5mmScint.

Photonuclear int.  in rear detector
   with no energy deposition

Punch through
      front detector

γ

ì Ê�� j �10 �3��4 U 42��0 Y 4 £ ú!è ß � £ ñ � ���
	�� È � ����.� ����� h�� � ��� � k �2£ Ï é�o2143�5,r�6�%
� Ë 8 �

Ç � È � � �
	 � È � � ����������� 
 Ê Ç ��� ����������� Ä Ä W ����� £ &�- é�' ! ��� h�i�jpk � è �y¡ £ ñ � �*�
	 � È ��� �����������
h4� � ��� � k �p£ � S "�ª/ä¸ñ ó�õ»ö�é=ú � ê ;O%�é 
 % £ Õ�Ö�8 �/£ � r �)(�* +�* è �/� è 0O£�� �
Û A$, �4ê

�-(.* +/*10 �32547698;:=<?>@6BADCFE�2 � È �
%4%7é 
 > 69AGCFE�2 ä ñ���� �
	�� È � � ���.� ����� h#� � �!� � k �2£/&�- é 
 Ï l m!rIH . Á4Ì#à+á�� 


� � 
 h#� � �!� � k �2} ñ ó�õ»ö ÁOÂ £�³#´�µO¶ � � �+� v w �T �Ë 8 �&£�� 8 � � } � �&�KJ x 

� 2547698;: ä Ç � È �����
	�� È �������������� 
 Ê Ç ��� �/��������� ÄHÄ W �����Mr�102�3��4 U 45��0 Y 4 � Ë 8 � � rpúTc � � ê
�102�3��4 U 42��0 Y 4 £ 8 �=£ lpm ä Ç � È ��� �
	�� È ��� �/��������� 
 Ê Ç ��������������� Ä Ä W ����� h�� � �&� � k � é ñ
ó�õgö�Á�Ì £2³�´7µO¶#� r � v w �� �Ë 8 ��� ü�¡+é=ú � ê
& �/£�Ô � k � c à2� � Ë �)(�* +�* £ ª è 
 o+1�3�5,r�6@% � Ë è�" � l�m r�L � Ë)##£ ·ïîð¹gº¿¼ � ñ

ó�õgö�Á#Â £ 8 � � r7|
ñ i }�~=� ê % â c £ Õ�Ö�8 �O£ 9 S v äNMPO#é S w�" £ é 
 ����� £ àp� £)#
} 
 % â c £ Õ�Ö�8 �O£ � r76 ¯y%#è }p�/� ê

! È



oqm ³#´7µ=¶#� Ç � È �����
	�� È �������������� Ê Ç ��� ���.� ����� ÄHÄ W �����
Ê! Ç ó�õ»ö*��� þ Õ�Ö�8 � Ô�� k Õ�Ö�8 � Ô�� k
È  � � È î � ñ � Ê�� È � Ê  i È ñ Ç � í í
� ñ � Ê�� î ñ i¿í\� � � ñ � Ê  �  � i �  

ñ i½í\� � � î ñ ! !\� È¿È ñ � ñ    � ñ � Ç
ñ ! !\� È ñ î i Ç Ê � Ç  Ç � Ê È  ñ �  � ñ
i Ç Ê � Ç  î i Ê ñ � È¿È Ç � È  ñ ñ � !Zí Ç
i Ê ñ � È¿È î i � �\� Ç � Ç � Ê i  ñ �  �� ñ
i � �\� Ç � î  ñ !\� È � Ç �  Ç � ñ
� È Ç ó�õ»ö*��� þ Õ�Ö�8 � Ô�� k Õ�Ö�8 � Ô�� k
 !  � i  î  )� Ç � � È ñ � i  ñ Ê È � Ê Ç �
 �� Ç � � È î Ê Ç í\� i � Ç � �  È Ê � Ç È Ê
Ê Ç í\� i � î Ê¿Ê È � � � Ç � ñ ! Ê Ç � í!� i
ÊZÊ È � � � î Ê! í\�  ñ Ç �  ñ i ñ � í Ç ñ
Ê í  �  ñ î È i Ç � í  Ç � ñ ! ñ Ç � � Ç Ç
È i Ç � í  î È¿È í\�  È Ç �  Ç � ñ
ÈZÈ í\�  È î È � È � í � Ç � Ç í ñ Ç � Ê È Ç
È � È � í � î !  ! �  � Ç �  È i ñ � � í Ç
ñ¿ñ Ç¿Ç ó�õgö*��� þ Õ�Ö�8 � Ô�� k
! � �\� �  î � ñ � � i È Ç � Ç ! Ç ñ
� ñ � � i È î � È Ê � � � Ç � Ç i�! i
� È Ê � � � î � � i�� i+� Ç � Ç
� � i�� i+� î í i �\� í ñ Ç � Ç � � Ç
í i+�\� í ñ î í ! � �   Ç � Ç i � Ç
í ! � �   î � Ç Ê � í È Ç � ñ
� Ç Ê � í È î � Ê i��  )� Ç � Ç
� Ê i��  )� î � � �\� í � Ç � ñ

| ñ i j ñ���� �
	�� È � �����.� ����� é�o2143�5,r � % � Ë Õ�Ö�8 �/£ � £ � >�?�A ê Ô�� k ä Ï lnm £ � r
� � Á�Ì � $ � Ë�#�£ 
 h�� � ��� � k �p£ á#' ³�´�µ=¶#� � ñ ó�õgö�Á#Â £ 8 � �Oê

! !



CED�� D�� ���#L#Ma�����������/���4K+L#M�N
Ï lnm����� £ Ï lnm £ snt l+m Ç � Ê È � ����� � i � È 
 Ê � U	��
 � �� ! � � � i È r�n Ëp� oqm £ 8 �

� ra� >�?2 �Ë ê ä�� Þ4}
 Ï lnm����� £ �dø �!l+m £������ c )� ¡ ¯ � Õ�Ö�8 � � ì Ê í £�� � 

� � } Ï lqm ��� � £����	� l2m £����4� cÝä+"  ¡°¯ � Õ+Ö+8 � � ì Ê í £�� � } � "a¡ 
 � >�?�� ê

TDC

AUN
0

Neutrons

Photons

Neutron requirement box.

Leakage ’A’

Leakage ’B’

ì Ê í j Ï lnm £ snt l+m £ Ï } ä4"  ¡ ¯ � oqm

���! ���=M!"�#�$&%('�)+*-,/. � KpL4M�N#M��&�10��32 �547698-:<; � ì Ê � ä�= Ï�>�?�@�A £/���	�
£!B�C�D Ç � Ê È � � � � �FE � È-GIH LKJ Ë�#�£ ÏL>�?�M1NLO £/P øRQO��ù�éOú � ê Ç þ ÿ õ ¹ *�S £!TVU�WYX
? = ñ Ç þ ÿ õ ¹ *�S £�TVU�W ÏL>�?[Z �a�]\�£ éOú � ê
^ £�_ ù H ø % � # ¼ õ�` º � ÿ ÿ " º þ é ������a-b[c ^ è Z ��d�e]fhgi\�d�Ë/' ã[= 	�j � ? �Yk �+³=´�µ

¶ k�é \(X ? j���j!lYmVnYoqp ä ñ þ ÿ õ ¹srYt é/ú d!u ê�v u = X ? j���jYw�x�y ä ��z�{ þ ÿ õ}| Z ú
c ê J u!W~d�e = w >�? H @�A b�c u��Vj�� øRQ B�C�D�� ��� ��
�D �� ! � G �KE���G j���� Z ú�c TVU�j��
� = X ? j+�!� c J�� ä���ñ  j�[� Z�� c ê

� ? �Vk �Vj��Y���+� k D ó�õ»ö G � � d�e/� c X ? j!��j J��
�  { E �  < ñ {��9�
� � { ñ � { < ñ { �9�
ñZñ {�{ E � í < ñ { �9�

� ñ  �� w >�? j @�A B�C+j����	�[B�C�D ì � í j � G¢¡K£ w >�? j @�A B�C ZL¤ d¥e¦� c X ? j���jKJ���§

¨ª©



TDC distribution for Neutron detector (430 MeV)

ID
Entries
Mean
RMS

     430
    6019
  10.91
  8.090

  372.8    /   118
P1   93.59   5.600
P2 -0.4087  0.6013E-01
P3   1.105  0.5856E-01
P4   117.9   2.441
P5   11.67  0.1080
P6   6.258  0.9874E-01

TDC (nsec)
TDC distribution for Neutron detector (750 MeV)

ID
Entries
Mean
RMS

     750
   43353
  9.014
  7.452

  2284.    /   142
P1   920.0   18.76
P2 -0.2925  0.1844E-01
P3  0.9897  0.1821E-01
P4   957.8   7.197
P5   9.697  0.3636E-01
P6   5.437  0.2857E-01

TDC (nsec)

TDC distribution for Neutron detector (1100 MeV)

ID
Entries
Mean
RMS

    1100
   56284
  9.069
  8.302

  3004.    /   144
P1   1310.   20.51
P2 -0.1488  0.1735E-01
P3   1.120  0.1558E-01
P4   994.6   7.124
P5   10.26  0.4106E-01
P6   6.267  0.3064E-01
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AUN with TDC condition (430 MeV)

ID
Entries
Mean
RMS

     430
    5969
 0.7980
 0.4783

  251.9    /   163
P1   40.62   1.986
P2  0.4655E-01  0.8282E-02
P3  0.1713  0.7620E-02
P4   116.1   2.612
P5  0.9343  0.5122E-02
P6  0.2891  0.5486E-02

AUN
AUN with TDC condition (750 MeV)

ID
Entries
Mean
RMS

     750
   44282
 0.8157
 0.4641

  1302.    /   268
P1   161.5   4.621
P2  0.1049  0.6724E-02
P3  0.2115  0.6247E-02
P4   778.3   6.844
P5  0.9050  0.2434E-02
P6  0.3022  0.2625E-02

AUN

AUN with TDC condition (1100 MeV)

ID
Entries
Mean
RMS

    1100
   47765
 0.8898
 0.5562

  1807.    /   287
P1   229.6   5.528
P2  0.9132E-01  0.4464E-02
P3  0.1938  0.4404E-02
P4   739.2   6.207
P5   1.000  0.2684E-02
P6  0.3708  0.3112E-02
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Photon punchs through front detector.

After photonuclear int. in rear,
                    deposit energy only in front detector.

Scint.blocks cal. 1mmPb/5mmScint. cal.
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